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OBJECTIVE — To examine the utility of commonly used insulin sensitivity indices in non- 
diabetic European Americans (EAs) and African Americans (AAs). 

RESEARCH DESIGN AND METHODS— Two-hundred forty nondiabetic participants 
were studied. Euglycemic-hyperinsulinemic clamp was the gold standard approach to assess 
glucose disposal rates (GDR) normalized by lean body mass. The homeostatic model assess- 
ment for insulin resistance (HOMA-IR) and the quantitative insulin sensitivity check index 
(QUICKI) were calculated from fasting plasma glucose and insulin (FIL). Oral glucose toler- 
ance test (OGTT) was performed to determine Matsuda index, the simple index assessing 
insulin sensitivity (SIisOGTT), Avignon index, and Stomvoll index. Relationships among 
these indices with GDR were analyzed by multiple regression. 

RESULTS — GDR values were similar in EA and AA subgroups; even so, AA exhibited higher 
FIL and were insulin-resistant compared with EA, as assessed by HOMA-IR, QUICKI, Matsuda 
index, SIisOGTT, Avignon index, and Stumvoll index. In the overall study population, GDR was 
significantly correlated with all studied insulin sensitivity indices (/r/ = 0.381-0.513); however, 
these indices were not superior to FIL in predicting GDR. Race and gender affected the strength of 
this relationship. In AA males, FIL and HOMA-IR were not correlated with GDR. In contrast, 
Matsuda index and SIisOGTT were significantly correlated with GDR in AA males, and Matsuda 
index was superior to HOMA-IR and QUICKI in AAs overall. 

CONCLUSIONS — Insulin sensitivity indices based on glucose and insulin levels should be 
used cautiously as measures of peripheral insulin sensitivity when comparing mixed gender and 
mixed race populations. Matsuda index and SIisOGTT are reliable in studies that include AA 
males. 



Insuhn resistance is central to pathogen- 
esis of cardiometaboUc disease and con- 
fers increased risk of type 2 diabetes and 
cardiovascular disease (1). The gold stan- 
dard approach for measuring insulin resis- 
tance is euglycemic-hyperinsulinemic 
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clamp (2); however, it is rarely used in 
clinical practice and in epidemiological 
studies because it is laborious and re- 
quires intravenous infusions. Several sur- 
rogate indices using glucose and insulin 
levels have been devised as alternative 



measures of insulin sensitivity and are 
commonly used in cohort studies, includ- 
ing fasting insulin level (FIL), homeosta- 
sis model assessment of insulin resistance 
(HOMA-IR), quantitative insulin sensitiv- 
ity check index (QUICKI), Matsuda in- 
dex, Avignon index, Stumvoll index, 
and the new simple index assessing insu- 
hn sensitivity using oral glucose tolerance 
test (SIisOGTT). FIL is a simple and prac- 
tical surrogate marker for insulin resis- 
tance (3) when elevated in the presence 
of normoglycemia or hyperglycemia; 
however, insulin assay has not been stan- 
dardized for more universal apphcations. 
HOMA-IR (4) and QUICKI (5) are models 
that incorporate both fasting insulin and 
glucose levels, although QUICKI uses 
a log-transformation that is reported to 
provide a stronger linear correlation 
with the clamp (5). Matsuda index (6) 
and SIisOGTT (7) are models that use dy- 
namic glucose and insulin values ob- 
tained during oral glucose tolerance tests 
(OGTT). Avignon index (8) and Stumvoll 
index (9) also are derived from OGTT v^th 
incorporation of glucose's volume of distri- 
bution or BMI in their equations. These in- 
dices are potentially of high value because 
they are facile and inexpensive in compar- 
ison with euglycemic-hyperinsulinemic 
clamp. Furthermore, it is difficult to clini- 
cally identify insulin resistance because in- 
dividual variability in insulin sensitivity 
exists largely independent of obesity in 
populations (10). Clinical constructs such 
as metabohc syndrome and prediabetes are 
used to assess risk for future diabetes and 
cardiometabolic disease; however, insulin 
sensitivity indices potentially could be 
used to more optimally identify insulin re- 
sistance in individuals as a central patho- 
physiological process responsible for 
cardiometabolic disease. 

Given the widespread use of insulin 
sensitivity indices in epidemiology 
and clinical trials, it is important to 
assess their predictive value for insulin 
resistance. Several studies have assessed 
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correlations between various indices and 
clamp measures of insulin resistance 
(11-17); however, these studies are of- 
ten lacking in three aspects. First, the 
correlations often include nondiabetic 
subjects together with type 2 diabetic 
patients. Type 2 diabetes is a disease 
state with distortions in the relationship 
between circulating glucose and insulin 
values in a manner that does not reflect 
systemic insulin sensitivity. Hyperglyce- 
mia is the hallmark of type 2 diabetes 
and is accompanied by "glucose toxicity" 
with respect to insulin secretion. Conse- 
quently, studies assessing the relation- 
ship between indices based on fasting 
glucose and insulin levels and clamp 
measures could reflect falsely inflated 
slopes and correlation coefficients in re- 
gression equations when data from non- 
diabetic and diabetic subjects are 
included in the same regression anal- 
yses. Hence, rigorous analyses confined 
to nondiabetic subjects are needed to 
evaluate true value of insulin sensitivity 
indices. Second, even among non- 
diabetic subjects, there are factors influ- 
encing insulin secretion and circulating 
insulin concentrations independent of 
insulin sensitivity. Studies have shown 
that insulin secretory responses primar- 
ily can be impaired, independent of in- 
sulin resistance, and this trait is an 
independent risk factor for future diabe- 
tes (18). African Americans (AAs) are 
known to have hypersecretion of insulin 
independent of systemic insulin sensi- 
tivity (19-25), and this could alter 



glucose-to-insulin ratios in a manner 
that distorts ability to use insulin sensi- 
tivity indices in studies involving multi- 
ple racial groups. Thus, careful analyses 
across racial and ethnic groups are war- 
ranted. Finally, few studies have ad- 
dressed the relative values of multiple 
insulin sensitivity indices in the same 
population, with attention to the poten- 
tial impact of race. 

Our study attempted to address these 
shortcomings in the literature. We per- 
formed euglycemic-hyperinsulinemic 
glucose clamp in a substantial number 
of nondiabetic Furopean American (FA) 
and AA subjects and compared the pre- 
dictive value of FIL, HOMA-IR, log 
HOMA-IR, QUICKI, Matsuda index, 
SligOGTT, Avignon index, and Stumvoll 
index as indices of peripheral insulin re- 
sistance. 

RESEARCH DESIGN AND 
METHODS 

Study subjects 

Study subjects included 240 nondiabetic 
participants: 141 FAs and 99 AAs. Base- 
line characteristics are shown in Table 1 . 
None of volunteers had cardiovascular, 
renal, or hepatic disease, and all were 
chemically euthyroid. Pregnant women 
were excluded and premenopausal fe- 
males were studied between days 4 
and 1 1 of the menstrual cycle by his- 
tory. Race was determined by self- 
report. Informed consent was obtained 
from every participant, and the protocol 



was approved by University of Alabama 
at Birmingham Institutional Review 
Board. 

Protocol 

Subjects were admitted to the Clinical 
Research Unit at the University of 
Alabama at Birmingham, where they re- 
ceived eucaloric diet consisting of 20% 
protein, 30% fat, and 50% carbohy- 
drate of total calories during a 3-day 
stay. All procedures were conducted 
in the morning after a 10-h fast. Partic- 
ipants received standard 75-g OGTT. 
Plasma glucose and insulin levels were 
obtained at 0, 30, 60, 90, 120, and 180 
min. Insulin sensitivity indices were 
calculated by the following equations 
(4-9): 

HOMA-IR = [fasting plasma glucose level 
(FPG;mg/dL) 
X fasting insulin level 
(FIL; |jLunit/mL)]/405 

QUICKI = l/[log FIL (pLunit/mL) 
+ log FPG (mg/dL)] 

Matsuda index = 10, 000/ square root of 
[(FPGXFIL) X (mean glucose 
X mean insulin during OGTT)] 

SIisOGTT = 1/ 
[log (sum glucose^o + 30 + 90 + 120 {mmol/L}) 
+ log(sum insulinto+30 +90 +120 
{|jLunit/mL})] 



Table 1 — Descriptive characteristics of study subjects 



FAs AAs P 



FA vs. AA FA vs. AA FA vs. AA 
Total Male Female Total Male Female total male female 



N 


141 


( 


58 




73 




99 




43 




56 










Subjects with prediabetes* (%) 


23 


23 




23 




35 




33 




38 










Age (years) 


37 ± 11 


34 




9 


40 ± 


11 


37 ± 


9 


38 ± 


10 


37 ± 


9 


0.76 


0.03 


0.09 


Waist circumference (cm) 


90 ±13 


.91 




11 






- 




M± 


1,5 


,.9^ ±., 


.13, 


<0.001 


0.01 


<0.001 


BMI (kg/m^) 


28 ± 5 


26 




4 


29 ± 


6 


31 ± 


5 


29 ± 


4 


33 ± 


5 


<0.001 


0.001 


<0.001 


Fasting plasma glucose (mg/dL) 


90 ± 8 


90 


+ 


8 


90 ± 


9 


91 ± 


10 


91 ± 


10 


90 ± 


9 


0.59 


0.52 


0.86 


Fasting serum insulin (|jLU/mL) 


9 ± 7 


8 




6 


11 ± 


9 


15 ± 


11 


13 ± 


11 


17 ± 


11 


<0.001 


0.005 


0.001 




Ratio of fasting C-peptide to 
































insulin molar 


17 ± 11 


20 




14 


15 ± 


8 


10 ± 


9 


13 ± 


12 


8 ± 


5 


<0.001 


0.02 


<0.001 


2-h OGTT plasma glucose (mg/dL) 


117 ± 26 


109 




25 


124 ± 


25 


119 ± 


26 


116 ± 


26 


121 ± 


27 


0.52 


0.18 


0.57 1 


2-h OGTT serum insulin (|jLU/mL) 


53 ± 43 


41 




26 


61 ± 


50 


72 ± 


57 


62 ± 


68 


80 ± 


47 


0.004 


0.07 


0.03 


GDR (mg/min/kg lean body mass) 


14 ± 4 


14 




3 


15 ± 


4 


14 ± 


4 


13 ± 


3 


15 ± 


4 


0.58 


0.66 


0.59 



Data are shown as means ± SD unless otherwise indicated. * Includes subjects with impaired fasting plasma glucose and/or impaired glucose tolerance test. 



846 



Diabetes Care, volume 36, April 2013 



care . diabetesj ournals . org 



Pisprasert and Associates 



Avignon index = [(0.137XSib) + Si2h]/2 
Sib = 10V(FIL{|JLunit/mL} 
X FPG {mg/dL} 
X volume distribution) 
Si2h = 10^ /(plasma insulin at 2-h OGTT 
{|jLunit/mL} 
X plasma glucose at 

2-h OGTT {mg/dL} 
X volume distribution) 

Volume distribution 

= 150 mL/kg of body weight 

Stumvoll index = 0.226 

- (0.0032 X BMI) 

- (0.0000645 X insulin at 

2-h OGTT {pmol/L}) 

- (0.0037 X plasma glucose at 

1.5-h OGTT {mmol/L}) 

Lean body mass v^as determined by dual- 
energy X-ray absorptiometry with DPX-L 
version 1.33 (Lunar Radiation, Madison, 
Wl). 

Assays 

Plasma glucose was measured by glucose 
oxidase method using a glucose analyzer 
(YSl 2300; Yellow Springs Instruments, 
Yellow Springs, OH). Serum insulin levels 
were measured using an electrochemilu- 
minescence immunoassay (Roche Diag- 
nostics, Mannheim, Germany). 

Clamps 

Hyperinsulinemic-euglycemic clamps 
were performed at a maximally effective 
insulin concentration as described (26). In 
brief, a catheter was inserted into brachial 
vein to infuse insulin, glucose, and potas- 
sium phosphate. Insulin was administered 
at a rate of 200 mU/m^/min for 4 h, and this 
provided steady-state serum insulin levels 
that were maximally effective for promot- 
ing glucose uptake largely into skeletal 
muscle and that achieved full suppression 
of hepatic glucose output (27). The mean 
of clamp-induced steady insulin level in 
EAs and AAs was 579 (SD, 183) and 645 
(SD, 178) |ULU/mL (P = not significant), re- 
spectively. A potassium phosphate solution 
was simultaneously infused to prevent hy- 
pokalemia. A variable-rate infusion of a 
20% dextrose solution was used to main- 
tain plasma glucose level. Plasma glucose 
was clamped at 90 mg/dL for at least 3 h. 
Plasma glucose levels were evaluated every 
5 min and plasma insulin was measured 
every 30 min throughout the clamp. 



Maximal glucose uptake for each individ- 
ual was calculated from mean glucose in- 
fusion rate over the final three 20-min 
intervals. Whole-body glucose uptake 
was calculated based on glucose infusion 
rate corrected for changes in the glucose 
pool size, assuming a distribution volume 
of 19% body weight and a pool fraction of 
0.65. Glucose disposal rate (GDR) was 
normalized per kilogram of lean body 
mass, excluding bone mass determined 
by dual-energy X-ray absorptiometry. 

Statistical analysis 

Mean differences in patient characteristics 
were assessed by AN OVA. ANCOVA was 
used to detect mean differences in GDR 
and insulin sensitivity indices (FIL, 
HOMA-IR, log HOMA-IR, QUICKI, Mat- 
suda index, SlisOGTT, Avignon index, 
and Stumvoll index), independent of 
BMI. BMI was rather higher in AA than 
in EA; therefore, BMI-adjusted correla- 
tions between GDR and insulin sensitivity 
indices were calculated for all patients and 
for groups stratified by race and gender. A 
Steiger t test was used to compare corre- 
lation coefficients among surrogate in- 
dices. Best-fit analyses of the data 
correlating all indices with clamp mea- 
sures of insulin sensitivity across gender 
and racial groups were performed. Coef- 
ficient of determination to indicate pre- 
dictability of each insulin sensitivity 
index was determined by multiple regres- 
sion analysis that the model included; 
surrogate indices of insulin sensitivity, 
BMI, race, gender, and interaction be- 
tween insulin sensitivity indices and race 
were used as independent variables and 
hyperglycemic-euglycemic clamp mea- 
sure was used as the dependent variable. 
P < 0.05 was considered significant. Sta- 
tistical analyses were performed using the 
SAS program version 9.2 (SAS Institute, 
Gary, NC). 

RESULTS— The analyses included 141 
EAs (68 males and 73 females) and 99 
AAs (43 males and 56 females). Hyper- 
insulinemic clamp measurements as well 
as HOMA-IR and QUICKI results were 
available in all 240 subjects, although 
Matsuda index, SlisOGTT, Avignon in- 
dex, and Stumvoll index were assessed 
only in 198 participants (119 EAs and 
79 AAs) who were administered the 
OGTT. Descriptive characteristics of 
study participants stratified by race and 
gender are shown in Table 1. Mean age 
was similar in EAs and AAs, although 
BMI and waist circumference were 



somewhat higher in AAs than in EAs. 
Easting glucose values were similar in all 
subgroups; however, EIL tended to be 
higher in females than in males and was 
elevated in AAs in comparison with their 
EA counterparts. Importantly, EAs and 
AAs were equally insulin-sensitive, with 
similar mean GDR values (P = not signif- 
icant). 

As shown in Eig. 1, although both 
GDR and fasting plasma glucose were 
similar in EAs and AAs (Eig. lA, B), EIL 
was higher in AAs (Eig. IC), and AA had 
lower QUICKI values (Eig. IE), lower 
Matsuda index (Eig. IF), lower SligOGTT 
(Eig. IG), lower Avignon index (Eig. Ifi), 
lower Stumvoll index (Eig. 11), and higher 
HOMA-IR values (Eig. ID) than EAs. 

As delineated in Table 2, GDR was 
significantly negatively correlated with 
EIL, HOMA-IR, and log-transformed 
HOMA-IR, and was positively correlated 
with QUICKI, Matsuda, SI.sOGTT, 
Avignon, and Stumvoll indices, with ab- 
solute rvalues ranging between 0.381 and 
0.513 in overall cohort controlling for 
BMI. When stratified by race and gender, 
significant correlations persisted, except 
that in AA males EIL and HOMA-IR failed 
to achieve a significant relationship with 
GDR. Log transformadon of HOMA-IR 
produced a significant correlation with 
GDR in AA males but did not significantly 
strengthen this relationship in other 
groups stratified by race and gender. All 
relationships in Table 2 also were ana- 
lyzed without adjustment for BMI, which 
did not affect the results and conclusions 
(Supplementary Table 1). Steiger t tests 
were performed to compare correlation 
coefficients among these insulin sensitiv- 
ity indices with the GDR measure of 
insulin sensitivity. In entire cohort, 
HOMA-IR, log HOMA-IR, QUICKI, 
Matsuda index, SlisOGTT, Avignon in- 
dex, and Stumvoll index were not supe- 
rior to EIL in predicting insulin sensitivity 
(i.e., r values were similar; P = not signif- 
icant). In EA subgroup, the strengths of 
the correlations with GDR were compara- 
ble, although HOMA-IR was marginally 
superior to EIL (P = 0.04) but similar to 
QUICKI and Matsuda index (Supplemen- 
tary Table 2); and Matsuda index was su- 
perior in a head-to-head comparison with 
QUICKI, but not with HOMA-IR. In AA 
females, all indices were similarly corre- 
lated with GDR, but it was in AA men that 
Matsuda index and SlisOGTT emerged as 
stronger predictors of insulin sensitivity. 
The correlation between GDR and Matsuda 
in AA men was significantly stronger than 
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FPG 



3 - 



2 - 



1 - 



0.30 



0.28 



0.26 



0.24 



0.22 



0.20 



Q Fasting insulin 

p = 0.002 




HOMA-IR 

p = 0.004 



EA 




0.5 - 



0.4 



0.3 



0.2 



0.1 



QUICKI 

p = 0.004 



EA AA 

F Matsuda index 

p = 0.009 

6.45 



0.36 



0.33 



EA 




4.11 




Slj^OGTT 

p< 0.001 



H Avignon index 

p< 0.001 



EA 

Stumvoll index 

p< 0.001 




0.12 



0.10 



0.08 



0.06 - 



0.04 - 



0.02 



0.00 



0.066 



EA 




Figure 1 — Mean differences in insulin sensitivity indices between EAs and AAs as assessed by 
ANCOVA adjusted for BML FPG, fasting plasma glucose. 



with FIL, HOMA-IR, log HOMA-IR, and 
QUICKI. The correlation between GDR 
and SlisOGTT in AA males also was signif- 
icantly higher than FIL and HOMA-IR. 
When AA females and AA males were con- 
sidered together, Matsuda was more 
strongly correlated with GDR than 
HOMA-IR or QUICKI but not different 
from FIL, whereas SligOGTT was only 
more strongly correlated with GDR than 
HOMA-IR. Further details are provided in 
Supplementary Tables. 

Multiple linear, quadratic, and exponen- 
tial models of fit were analyzed. Both linear 
and curvilinear models fit the data, although 
differences in fit were not statistically 



significant. Scatter plots between GDR 
and insulin sensitivity indices are shown 
in Fig. 2 stratified by race and gender. 
These figures illustrate impact of race 
and gender on these relationships. For 
HOMA-IR (Fig. 2A), regression curves es- 
sentially overlapped in FA males and FA 
females; however, the slope was reduced 
in AA females and was completely fiat in 
AA males. For QUICKI (Fig. 2B), regres- 
sion lines overlapped for male subgroups 
(i.e., both FA and AA males) and for both 
female subgroups (FA and AA females), 
with the female regression lines having 
sharper slopes than those observed for 
males. For Matsuda index (Fig. 2C) and 



SlisOGTT (Fig. 2D), all regression lines 
for FA and AA males and females 
exhibited a relatively greater degree of 
overlap and similarity of slope. 

Table 3 shows results of multiple re- 
gression analyses assessing independent 
contributions of each index, race, gender, 
and BMI as determinants of GDR. FIL and 
HOMA-IR were similar in that the index, 
gender, BMI, and the interaction between 
index and race proved to be significant 
factors in the multiple regression equa- 
tion, and together these factors explained 
28-29% of variability in GDR. Log trans- 
formation of HOMA-IR did not improve 
the value in the multiple regression 
equation but eliminated the interaction 
between index and race. The interaction 
between QUICKI and gender also had a 
significant effect on predictability of GDR 
(p=-0. 188; P = 0.03), but this interaction 
was not operative in the models for other 
insulin sensitivity indices (data not 
shown). For Matsuda index, SlisOGTT, 
and Strumvoll indices, the independent 
effects of the index, gender, and BMI 
could explain a greater degree of variabil- 
ity in GDR, ranging between 33.3% and 
36.5%. 

Discussion 

The purpose of this study was to examine 
the relative ability of key indices based on 
ambient glucose and insulin concentra- 
tions to predict insulin sensitivity, and 
to study the impact of gender and race 
on these relationships. We assessed insu- 
lin sensitivity via the gold standard 
hyperinsulinemic-euglycemic clamp , 
which directly measures the ability of 
insulin to promote glucose uptake in 
peripheral tissues. Under the conditions 
of clamp studies, the degree of steady-state 
hyperinsulinemia is sufficient to com- 
pletely suppress hepatic glucose output, 
and the observed GDRs reflect maximally 
stimulated glucose transport rates pre- 
dominantly into skeletal muscle 
(2,27,28). An important consideration is 
that FA and AA subgroups, and males 
and females within each racial group, are 
characterized by the same degree of insulin 
sensitivity measured by hyperinsulinemic 
clamp. Despite similarities in insulin sen- 
sitivity, AAs display higher FIL, HOMA-IR, 
and log HOMA-IR, and lower QUICKI, 
Matsuda index, SlisOGTT, Avignon index, 
and Stumvoll index values. Thus, the in- 
dices are indicative of greater insulin resis- 
tance in AAs despite that the subgroups are 
well-matched to have similar mean clamp 
GDR measurements. 
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We (29) and others (30) have shown 
that sample populations of EAs and AAs 
have similar degrees of insulin sensitivity 
using hyperinsulinemic-euglycemic 
clamp. Furthermore, investigators using 
FIL, HOMA-IR, or frequently sampled in- 
travenous glucose tolerance tests that rely 
on interactions between ambient glucose 
and insulin values are likely to conclude 
that AAs are more insulin-resistant than 
EAs (19,21-25,31-39). The current 
study provides a direct demonstration in 
the same subject groups of the discrepan- 
cies between surrogate indices and clamp 
measures of insulin sensitvity in compar- 
ing EAs and AAs subgroups. There are 
several potential explanations. First, AAs 
have been reported to hypersecrete insu- 
lin at any given level of insulin sensitivity 
(21-23). Additionally, we have analyzed 
ratios of C-peptide to insulin molar as an 
indicator of insulin clearance, and we 
observed that AAs had a lower ratio 
of C-peptide to insulin than EAs, as other 
authors also have reported (24,31,38,39). 
Thus, both insulin hypersecretion and re- 
duced clearance in AAs have the potential 
to impact relationships involving circulat- 
ing insulin, glucose, and insulin sensitiv- 
ity, and could confound the application of 
these indices to study racial differences in 
insulin sensitivity. Even so, the indices 
using fasting levels of insulin and glucose 
assess systemic concentrations regardless 
of the impact of insulin secretion or clear- 
ance on fasting levels. 

A more feasible explanation for these 
discrepancies relates to potential differ- 
ences in relative insulin sensitivity affect- 
ing different organs, such as liver versus 
skeletal muscle. HOMA-IR and QUICKl 
are derived from fasting glucose and in- 
sulin levels (4,5) and are believed to pri- 
marily reflect hepatic insulin sensitivity 
(40). Matsuda index, SlisOGTT, Avignon 
index, and Stumvoll index are surrogate 
markers calculated from OGTT glucose 
and insulin values and are used as com- 
bined indicators of both hepatic and pe- 
ripheral insulin sensitivity (6-9). This is 
contrary to hyperinsulinemic clamps per- 
formed at maximally effective steady-state 
serum insulin levels that fully suppress 
hepatic glucose production and directly 
reflect glucose disposal predominantly 
into skeletal muscle. To explain why 
AAs were more insulin-resistant than 
FAs when assessed by surrogate indices, 
although no difference in insulin sensitivity 
was observed by clamp, one could hypoth- 
esize that AAs are characterized by greater 
hepatic insulin resistance relative to insulin 
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Figure 2 — Correlation between the GDR measured by hyperinsulinemic clamp and HOMA-IR, QUICKI, Matsuda index, and SIisOGTT in non- 
diabetic subjects comparing race and gender. Circle, EA female; square, EA male; cross, AA female; triangle, AA male. 



sensitivity in skeletal muscle and relative to 
hepatic insulin sensitivity in EAs. Although 
relative hepatic insulin resistance in AAs is 
an attractive hypothesis to explain the data, 
there have been litde data published to di- 
rectly support this idea, and this area is de- 
serving of greater study. 

Current data are consistent v^th pre- 
vious literature in several aspects. Other 
authors have reported higher FILs in lean 
AA adults (19) and in AA adolescents (31) 
v^hen compared v^ith their EA counter- 
parts. Eurthermore, the insulin area un- 
der the curve in response to OGTT v^as 
reported to be higher in both AA children 
and adults than in EAs (32,33). Studies 
using hyperglycemic clamp to assess 
P-cell function also have found a higher 
insulin response and lov^er insulin sen- 
sitivity in AA adolescents and adults 
when compared with EAs (21,22,34,35). 
Moreover, studies using the minimal 
model analysis of frequently sampled 



intravenous glucose tolerance test have re- 
vealed lower insulin sensitivity, reduced 
hepatic insulin extraction and clearance, 
and increased acute insulin response in 
AA children and adults compared with 
EAs (23,24,36-39). However, based on 
the current results, these previous reports 
using glucose and insulin levels to esti- 
mate insulin sensitivity, whether ob- 
tained under fasting conditions or after 
oral or intravenous glucose challenge, 
should not be interpreted to mean that 
AAs display greater peripheral insulin re- 
sistance. Race appears to alter insulin and 
glucose values in a manner that dimin- 
ishes the ability of these indices 
to predict systemic or peripheral insulin 
resistance. 

Although several reports have found 
correlations between surrogate indices 
and insulin sensitivity (11-17), there 
has been no definite conclusion regarding 
which surrogate marker is the most 



predictive of insulin sensitivity. Our 
study examined differences in the rela- 
tionships among GDR and surrogate 
markers of insulin sensitivity in nondia- 
betic populations. These results revealed 
that HOMA-IR, log HOMA-IR, QUICKI, 
Matsuda index, SligOGTT, Avignon in- 
dex, and Stumvoll index are not superior 
to EIL in predicting GDR in overall non- 
diabetic population. Eurthermore, al- 
though all indices were significantly 
correlated with GDR, the correlation co- 
efficients were rather modest, ranging 
from 0.381 to 0.513. This finding is con- 
sistent with a previous study that demon- 
strated equivalent usefulness of EIL, 
HOMA-IR, and QUICKI in nondiabetic 
subjects (14). Conversely, another report 
including both nondiabetic and diabetic 
subjects found the superiority of QUICKI 
and log transformation of HOMA-IR to 
EIL (15). In general, the correlations be- 
tween measures of insulin sensitivity and 
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various indices are stronger when patients 
with type 2 diabetes are included in the 
analyses, with representative values rang- 
ing from 0.51 to 0.88 (4-6,11-13,15- 
17), when compared with the current 
data of nondiabetic subjects. Factors 
other than insulin resistance contribute 
to the increase in glucose in type 2 dia- 
betic patients, and glucose toxicity affects 
circulating insulin levels independently 
from insulin resistance. Therefore, indi- 
ces based on fasting glucose and insulin 
levels may not accurately track with 
changes in insulin sensitivity. The higher 
correlation coefficients when diabetic pa- 
tients are included in these regressions 
may partially represent an artifact created 
by the extremely high glucose values 
in patients who are predictably insulin- 
resistant by virtue of having diabetes. Con- 
sequently, indices based on glucose and 
insulin values exaggerate the relative degree 
of insulin resistance, resulting in stronger 
correlation coefficients in studies including 
both type 2 diabetic and nondiabetic par- 
ticipants than is evident in studies re- 
stricted to nondiabetic subjects. Because 
insulin resistance is an integral feature of 
type 2 diabetes, these indices are most valu- 
able to the extent they can identify insulin 
resistance in nondiabetic individuals. Based 
on our current data, results using these in- 
dices should be interpreted cautiously 
when used as an estimate of peripheral in- 
sulin sensitivity. 

Our correlation analyses also found 
that race and gender significantly im- 
pacted the relationship between each in- 
dex and GDR, and affected the utility of 
the different indices in specific ethnic and 
gender subgroups. When stratified by 
race and gender, significant correlations 
persisted between GDR and all studied 
indices with the notable exception that in 
AA males, FIL and HOMA-IR were no 
longer related to GDR and the strength of 
the relationship between QUICK! and 
GDR was weakened. Log transformation 
of HOMA-IR was required to achieve a 
statistically significant relationship with 
GDR in AA males. Importantly, however, 
Matsuda index and SligOGTT emerged as 
better indices of insulin sensitivity in AA 
males without diminution in the strength 
of the correlation with GDR. These find- 
ings may or may not relate to differences 
in hepatic insulin sensitivity as discussed; 
however, it appears that indices that in- 
clude both fasting and postchallenge glu- 
cose and insulin concentrations, i.e., 
Matsuda index and SligOGTT, are better 
predictors of peripheral insulin sensitivity 
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in AA men than indices that rely only on 
fasting glucose and insulin levels. In con- 
trast, indices derived from OGTT that in- 
corporate measures of the volume of 
distribution of glucose (Avignon index) 
and BMI (Stumvoll index) provide no ad- 
ditional predictive value. Moreover, 
in male-only analyses consisting of 
both EAs and AAs, Matsuda index and 
SIisOGTT proved to be the best predictors 
of GDR. The data indicate that indices de- 
rived from OGTT, i.e. , Matsuda index and 
SlisOGTT, are preferred surrogate indices 
of insulin sensitivity in any study of AAs 
and in mixed race studies that include 
AAs, particularly AA males. 

The multiple regression models for 
prediction of GDR included as indepen- 
dent variables each surrogate index of 
insulin sensitivity, BMI, race, gender, and 
interaction between index and race. These 
analyses highlighted the differential im- 
pact of race and gender. Models for FIL, 
HOMA-IR, and Matsuda index demon- 
strated independent effects of the index, 
gender, BMI, and the interaction between 
index and race in predicting GDR. The 
model for QUICKI, SI^sOGTT, and 
Avignon index established the indepen- 
dent significance of the index, BMI, and 
gender, and with QUICKI there was an 
interaction between QUICKI and gender 
(data not shown). The model for Stumvoll 
index indicated independent effects of 
only the index and gender. The overall 
predictive value (R ) in these models 
was generally higher for indices derived 
from OGTT, i.e., SI.sOGTT (R^=0.365), 
Matsuda index (R^=0. 333), and Stumvoll 
index (R^=0.336), than that observed for 
FIL (R^=0.280), HOMA-IR (R^=0.290), 
log HOMA-IR (R^=0.280), or QUICKI 
(R^=0.265). 

A strength of our study is that we 
enrolled a relatively large nondiabetic 
cohort with a significant population of 
both AAs and EAs, providing adequate 
power to analyze ethnic and gender dif- 
ferences. In comparing our results with 
those of other publications, it is important 
to consider that our study enrolled mixed 
racial groups, including EAs and AAs of 
both genders, whereas other publications 
involved more homogenous ethnic 
populations predominated by Caucasians 
(4-6,11-13). Furthermore, our study 
included both obese and nonobese partic- 
ipants; some studies found that predict- 
ability of insulin sensitivity indices is 
lower in lean individuals than in obese 
counterparts (16,17). One weakness of 
our study is that race was determined by 



self-report, which may not accurately re- 
flect ancestral genetic admixture. 

CONCLUSIONS— In AAs and EAs 

with similar peripheral insulin sensitivity 
measured by hyperinsulinemic clamp, 
AAs exhibited higher FIL and exhibited 
more insulin resistance than EAs, as 
assessed by HOMA-IR, QUICKI, Matsuda 
index, SIigOGTT, Avignon index, and 
Stumvoll index. In a mixed race 
and mixed gender sample popula- 
tion, HOMA-IR, QUICKI, Matsuda in- 
dex, SlisOGTT, Avignon index, and 
Stumvoll index were not superior to FIL 
alone in predicting GDR. Racial and gen- 
der differences were detected in the ability 
of the indices to predict insulin sensitiv- 
ity. Most remarkably, FIL and HOMA-IR 
were not correlated with GDR in 
AA males. In contrast, Matsuda index 
and SlisOGTT were significantly corre- 
lated with GDR in AA males, and Matsuda 
index was superior to HOMA-IR and 
QUICKI in overall AA subgroup consist- 
ing of males and females. These data in- 
dicate that commonly used indices based 
on glucose and insulin levels should be 
used cautiously as measures of peripheral 
insulin sensitivity when comparing 
mixed gender and mixed race popula- 
tions. Matsuda index and SlisOGTT ap- 
pear to be most reliable in studies of AAs. 
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